Based on the recent literature and collective experience, an international consortium developed revised guidelines for the diagnosis of behavioural variant frontotemporal dementia. The validation process retrospectively reviewed clinical records and compared the sensitivity of proposed and earlier criteria in a multi-site sample of patients with pathologically verified frontotemporal lobar degeneration. According to the revised criteria, 'possible' behavioural variant frontotemporal dementia requires three of six clinically discriminating features (disinhibition, apathy/inertia, loss of sympathy/empathy, perseverative/ compulsive behaviours, hyperorality and dysexecutive neuropsychological profile). 'Probable' behavioural variant frontotemporal dementia adds functional disability and characteristic neuroimaging, while behavioural variant frontotemporal dementia 'with definite frontotemporal lobar degeneration' requires histopathological confirmation or a pathogenic mutation. Sixteen brain banks contributed cases meeting histopathological criteria for frontotemporal lobar degeneration and a clinical diagnosis of behavioural variant frontotemporal dementia, Alzheimer's disease, dementia with Lewy bodies or vascular dementia at presentation. Cases with predominant primary progressive aphasia or extra-pyramidal syndromes were excluded. In these autopsyconfirmed cases, an experienced neurologist or psychiatrist ascertained clinical features necessary for making a diagnosis according to previous and proposed criteria at presentation. Of 137 cases where features were available for both proposed and previously established criteria, 118 (86%) met 'possible' criteria, and 104 (76%) met criteria for 'probable' behavioural variant frontotemporal dementia. In contrast, 72 cases (53%) met previously established criteria for the syndrome (P 5 0.001 for comparison with 'possible' and 'probable' criteria). Patients who failed to meet revised criteria were significantly older and most had atypical presentations with marked memory impairment. In conclusion, the revised criteria for behavioural variant frontotemporal dementia improve diagnostic accuracy compared with previously established criteria in a sample with known frontotemporal lobar degeneration. Greater sensitivity of the proposed criteria may reflect the optimized diagnostic features, less restrictive exclusion features and a flexible structure that accommodates different initial clinical presentations. Future studies will be needed to establish the reliability and specificity of these revised diagnostic guidelines.
Introduction
The behavioural variant of frontotemporal dementia (bvFTD) is a clinical syndrome characterized by a progressive deterioration of personality, social comportment and cognition. These changes result from frontotemporal lobar degeneration (FTLD) associated with a range of heterogeneous pathologies (Mackenzie et al., 2009 (Mackenzie et al., , 2010 . Despite recent advances in the characterization of bvFTD, the diagnosis of the syndrome remains challenging; while some patients are dismissed as 'normal' others may be misdiagnosed as suffering from psychiatric disorders or Alzheimer's disease (Mendez et al., 1993 Varma et al., 1999) . Early and accurate differential diagnosis of bvFTD is critical, as it has implications for heritability (Hutton et al., 1998; Poorkaj et al., 1998; Spillantini et al., 1998; Watts et al., 2004; Skibinski et al., 2005; Baker et al., 2006; Cruts et al., 2006; Kumar-Singh and Van Broeckhoven, 2007) , prognosis Roberson et al., 2005; Chow et al., 2006) , therapeutics (Swartz et al., 1997; Moretti et al., 2003; Pasquier et al., 2003; Lebert et al., 2004; Huey et al., 2006; Boxer and Boeve, 2007; Mendez, 2009 ) and environmental management of patients (Perry and Miller, 2001; Robinson, 2001; Talerico and Evans, 2001; Merrilees and Miller, 2003; Merrilees, 2007; Boutoleau-Bretonniere et al., 2008) .
In the absence of definitive biomarkers, the diagnosis of bvFTD is dependent on clinical diagnostic criteria; in other words, the identification of the syndrome's core or necessary symptoms. The publication of consensus criteria by Neary and colleagues (1998) was a major development in the field. These criteria are widely used in research and practice, but some limitations have become apparent. Among these are the ambiguity of behavioural descriptors and inflexibility in the application of criteria (i.e. the requirement that all five core features be manifest).
Most importantly, a number of studies have established the relative insensitivity of these criteria in the early stages of bvFTD when disease-modifying treatments are likely to be most effective (Mendez and Perryman, 2002; Mendez et al., 2007; Rascovsky et al., 2007a; Piguet et al., 2009) .
Based on the empirical knowledge accumulated in the past 12 years (Mendez and Perryman, 2002; Mendez et al., 2007; Rascovsky et al., 2007a; Piguet et al., 2009) , the International Behavioural Variant FTD Criteria Consortium (FTDC) developed revised guidelines for the diagnosis of bvFTD. The FTDC is comprised of 46 members with extensive experience in bvFTD. After reviewing the world literature, the FTDC developed an initial draft of the bvFTD criteria. This document was further refined over 3 years through correspondence, a web-based interactive forum and in-person meetings. In this report, we propose a revision of diagnostic and research criteria for bvFTD and provide results of an autopsy-confirmed analysis of the sensitivity of these revised diagnostic guidelines.
Materials and methods
Participants Sixteen brain banks with special interest in clinical assessments of patients with FTLD pathology were identified (see Supplementary Table 1 for participating sites). Sites were asked to select cases who met modified Mackenzie criteria for FTLD (Mackenzie et al., 2009 (Mackenzie et al., , 2010 (Table 1) , and were clinically diagnosed with bvFTD, Alzheimer's disease, vascular dementia, dementia with Lewy bodies or other neurological or psychiatric conditions at presentation. Cases were excluded if they had concomitant pathology such as Alzheimer's disease (defined as Braak 4 2; CERAD plaque score 4 sparse), Lewy body disease or significant vascular pathology (defined as large vessel infarct or more than one lacune). Cases were also excluded if they presented with predominant primary progressive aphasia or extra-pyramidal syndromes (e.g. corticobasal syndrome or progressive supranuclear palsy). Patients with multiple syndromes (e.g. bvFTD and corticobasal syndrome) were only included in the study if they were considered bvFTD at initial presentation.
A description of participant selection can be seen in Fig. 1 . A total of 406 cases were enrolled in the FTDC registry. Cases were split in half by random allocation to create an original and a replication set. The original set was designated as a sensitivity sample (n = 203), and the replication set was chosen for future specificity studies. The 203 cases in the original sample were reviewed in the context of the proposed FTDC criteria (Table 3) . As a result, 11 had pathology exclusion criteria (e.g. concomitant pathology), 13 had clinical exclusion criteria (e.g. primary/predominant aphasic or extra pyramidal presentations) and three cases did not have enough clinical information for inclusion in the study (defined as 53 of the clinical ratings needed to be evaluated for 'possible' bvFTD). All cases in the total sample (n = 176) had enough clinical ratings to potentially meet criteria for possible bvFTD. Of the total sample, 154 cases had functional disability and neuroimaging ratings, and 152 cases had complete core ratings for established 1998 criteria. The common sample (n = 137) had sufficient information to potentially evaluate all bvFTD criteria (FTDC possible bvFTD, FTDC probable bvFTD and 1998 criteria for bvFTD). Clinical and demographical characteristics did not differ depending on the sample used (Table 2) .
FTDC diagnostic and research criteria for behavioural variant frontotemporal dementia
The FTDC simplified the existing diagnostic criteria and attempted to focus on features that best distinguish bvFTD from psychiatric disorders, Alzheimer's disease and other dementing conditions. Some of the major advances reflected in the new criteria include: (i) reduced number of diagnostic features; (ii) no arbitrary distinctions between core and supportive features; (iii) greater flexibility in how patients can meet diagnostic criteria; (iv) clearer operational definitions; (v) incorporation of genetic and neuroimaging findings; and (vi) diagnostic hierarchy (distinction between possible, probable or definite bvFTD with FTLD pathology depending on level of diagnostic certainty). Table 3 presents the proposed FTDC criteria for behavioural variant FTD. Criteria for possible, probable and bvFTD with definite FTLD pathology are described in detail in Appendix 1.
Procedure
For the purpose of pilot validation, a structured criteria rating form was created. This form included general demographics, FTDC criteria (Table 3) and previously established 1998 criteria (referred to below as the 1998 criteria) (Neary et al., 1998) . A summary of the 1998 criteria have not yet been analysed with FUS) BIBD NOS: basophilic inclusion body disease (FUS negative, as well as cases that have not yet been analysed with FUS) FTLD-ni NOS: frontotemporal lobar degeneration without immunoreactive inclusions (negative for all proteins, as well as cases that have not yet been analysed with FUS) is provided in Supplementary Table 2 . A complete version of the rating form is available from the authors. Un-blinded neurologists or psychiatrists with expertise in bvFTD retrospectively reviewed patient charts from their respective sites. Any clinical information contained in the charts was considered, including history and clinical impressions, caregiver information, standard cognitive and behavioural measures, as well as laboratory and imaging findings. Raters used a web-based version of the criteria rating form to ascertain items of established (Neary et al., 1998) and proposed FTDC criteria at presentation. Individual features were rated as present if the feature was clearly present, absent if clearly absent and 'don't know' if the information contained in the chart was insufficient to make a clear determination. Raters were also asked to estimate the time of symptom onset for FTDC behavioural features. No interrater reliability data were available, as criteria were ascertained by single raters.
In order to avoid exclusion of cases with 'don't know' responses, we employed rules set a priori for fulfilment of criteria. Patients were considered to meet established 1998 criteria if all five core features were rated as present and no exclusion features were rated as present. Patients were considered to meet possible bvFTD if they met criteria for a neurodegenerative disease (i.e. progressive deterioration of behaviour and/or cognition) and presented with three of six possible bvFTD features with no exclusion features rated as present (i.e. The classification was modified from existing FTLD criteria (Mackenzie et al., 2009 (Mackenzie et al., , 2010 medical or psychiatric conditions that could explain the pattern of behavioural or cognitive deficits). Patients met probable bvFTD if they met criteria for possible bvFTD, had functional disability and neuroimaging findings consistent with bvFTD, and had no biomarkers strongly indicative of Alzheimer's disease or other degenerative process. Given that the entire sample met pathological criteria for FTLD, all cases that met FTDC criteria for possible bvFTD also met criteria for bvFTD with definite FTLD pathology. The ethics committee at each participating centre approved the research programme. 
Results

Sample characteristics
All cases in the study (n = 176) met modified Mackenzie criteria for FTLD (see Table 1 for pathology glossary). Pathology classifications were as follows: 70 cases were classified as FTLD tau, 48 FTLD-TDP, 32 FTLD-UPS NOS, 17 FTLD-ni NOS, 6 FTLD-FUS, 1 FTLD-IF NOS and 2 cases with incomplete immunohistochemistry were classified as 'other' (FTLD-NOS). Within the tau-positive sample, some cases were specifically identified in the notes as corticobasal degeneration (n = 7), progressive supranuclear palsy (n = 4), argyrophilic grain disease (n = 1), one case with tangle-predominant pathology and argyrophilic grain disease, and one case with an unclassified tauopathy. One of the cases classified as FTLD-TDP had secondary pathological features of argyrophilic grain disease. Within the total sample, 46 cases (26.3%) had a positive family history of a similar primary dementia in a first-degree relative. Of 104 cases with genetic screening, 23 (22.1%) had a pathogenic mutation (16 cases with MAPT and seven cases with PGRN mutations). The demographic characteristics of each sample can be seen in Table 2 . The total sample was primarily Caucasian (96%) with a slight male predominance (59%). Patients were highly educated (14.2 years) and had mild dementia at initial evaluation (average Mini-Mental State Examination = 22.2). Of 172 cases with age of onset reported, 71% had onset before the age of 65 years (average age of onset = 58 years). The average survival from first evaluation was 3.2 years and from symptom onset was 7.8 years. Within the total sample, 26 cases (14.8%) developed features of motor neuron disease while 22 cases (12.5%) exhibited motor features similar to corticobasal syndrome or progressive supranuclear palsy. Some behavioural variant patients with FTD in the total sample demonstrated additional language features such as impaired word or object knowledge (20.4%), motor speech deficits (15.3%) and grammatical deficits in language production or comprehension (7.9%).
At initial presentation, 122/176 (69.3%) of cases received a clinical diagnosis of bvFTD, but this number decreased to 112/ 176 (63.6%) at the last evaluation. The second most common clinical diagnosis was Alzheimer's disease in 26/176 (14.8%). First and last clinical diagnoses can be seen in Supplementary  Table 3 .
Sensitivity of FTDC criteria for behavioural variant frontotemporal dementia
Sensitivity of FTDC and 1998 criteria can be seen in Fig. 2 . Of 176 pathology-confirmed FTLD cases, 149 met FTDC criteria for possible bvFTD [sensitivity = 0.85, 95% confidence interval (95% CI) (0.79-0.90)]. Of 154 cases with functional disability and neuroimaging ratings, 115 met criteria for probable bvFTD [sensitivity = 0.75, 95% CI (0.68-0.82)]. In contrast, of 152 cases with complete ratings for 1998 criteria, 79 met criteria for bvFTD [sensitivity = 0.52, 95% CI (0.44-0.60)].
We compared the sensitivity of 1998 and FTDC criteria in the common sample using the McNemar's test for matched binary data (with each case as a matched pair). This smaller sample includes patients with ratings for both FTDC and 1998 criteria, and is highly representative of the larger samples where patients were evaluated with FTDC criteria (Table 2) . Of 137 cases in the common sample, 118 (86%) met criteria for possible bvFTD, 104 (76%) met criteria for probable bvFTD and only 72 (53%) cases met 1998 criteria for bvFTD. Of note, while 65 patients in the common sample failed to meet 1998 criteria, 34 of these cases were nevertheless diagnosed clinically with bvFTD, while six cases were diagnosed with FTD/motor neuron disease at initial presentation. Sensitivity differences between FTDC and 1998 criteria in the common sample were statistically significant (possible bvFTD versus 1998 criteria: McNemar's V 2 = 44.08, P 5 0.0001; probable bvFTD versus 1998 criteria: McNemar's V 2 = 18.75, P 5 0.0001). We focus below on the common sample, as both FTDC and 1998 criteria were ascertainable in this group, and these findings closely reflected observations in the larger samples.
Sensitivity of behavioural variant frontotemporal dementia criteria by demographic characteristics
Within the common sample, sensitivity rates for FTDC and 1998 criteria did not differ according to the presence or absence of tau pathology, pathogenic mutations or family history of a similar primary dementia. Both FTDC and 1998 criteria were more sensitive in cases with early onset (onset 5 65 years) compared with cases with late onset of the disease ( Supplementary  Fig. 1 ). This difference was significant for possible bvFTD (0.92 versus 0.73, V 2 = 8.4, P 5 0.01), probable bvFTD (0.85 versus 0.54, V 2 = 14.2, P 5 0.001) and 1998 criteria (0.61 versus 0.32, V 2 = 8.6, P 5 0.01). Patients with early onset bvFTD had significantly higher rates of disinhibition, loss of sympathy and empathy, perseverative behaviours and imaging findings consistent with bvFTD.
(137/137) had progressive deterioration of behaviour or cognition consistent with a neurodegenerative disease. Within the common sample, the frequency of possible bvFTD features ranged from 59% (hyperorality) to 84% (early apathy). We were able to ascertain whether these behavioural symptoms were present at onset in a subset of patients; this information can be seen in the Supplementary material, Appendix 1. Closer inspection of ratings for the neuropsychological criterion showed that 120/137 cases in the common sample had unambiguous ratings for a neuropsychological profile consistent with bvFTD (i.e. 'yes' or 'no' responses, indicating sufficient information to rate this criterion). Of these 120 cases, 114 had 'deficits in executive tasks', 89 had 'relative sparing of episodic memory' (compared with executive dysfunction) and 99 had 'relative sparing of visuospatial skills' (compared with executive deficits). In total, 82/120 cases (68%) had a complete neuropsychological profile most consistent with bvFTD (i.e. executive/generation deficits with relative sparing of memory or visuospatial functions). For probable bvFTD features, 82% of the cases had imaging findings consistent with bvFTD, while 99% exhibited functional decline by history or caregiver report. Within the common sample, individual core features for the 1998 criteria ranged from 78% (decline in social interpersonal conduct) to 99% (insidious onset and gradual progression). By comparison, Supplementary Fig. 2 shows the frequency of supportive features for the 1998 bvFTD criteria. Within the common sample, features such as decline in hygiene, mental rigidity and distractibility were present in 50-57% of cases. Fifty-nine per cent of the cases exhibited altered speech output, with specific language alterations ranging from mutism (13%) to perseveration of speech (35%). Physical signs were relatively uncommon and ranged from low and labile blood pressure (0.7%) to presence of primitive reflexes (26%).
Frequency of behavioural variant frontotemporal dementia exclusionary features
The presence of exclusionary features for FTDC and 1998 criteria can be seen in Fig. 4 . In the common sample, 2/137 (1.5%) cases exhibited one or more exclusion features for possible bvFTD criteria. In these two cases, the pattern of cognitive and behavioural deficits was better accounted for by other non-degenerative or medical disorders. Of the 137 cases in the common sample, 26 (19%) presented one or more exclusion features for 1998 criteria. Of note, 15 cases (11%) presented with early, severe amnesia while nine cases (7%) exhibited spatial disorientation. Cases rated as having early, severe amnesia had an older age at onset compared with cases that did not exhibit this exclusion feature [age at onset: 64 versus 57 years, t(133), P 5 0.05].
Sensitivity of behavioural variant frontotemporal dementia by number of features
Diagnostic accuracy reflects a combination of diagnostic and exclusion features. This is summarized in Fig. 5 , which shows the sensitivity of FTDC and 1998 criteria by number of features present. When taking exclusion features into account, 69% of the patients in the common sample met four of six features for possible bvFTD, 86% met three of six features for possible bvFTD (required to meet criteria) and 90% of cases met two of six features for possible bvFTD. In contrast, only 53% of cases met the five core features required to meet 1998 criteria when taking exclusion features into account.
Cases that failed to meet FTDC criteria
Within the common sample, 19 cases failed to meet FTDC criteria for possible bvFTD. A summary of observations related to criteria failure for possible bvFTD can be seen in Table 4 . Patients who failed to meet criteria were significantly older than patients who met criteria (age at onset: 64 versus 57 years, P 5 0.05; age at initial evaluation: 66 versus 61 years, P 5 0.05). Six cases presented with early, severe amnesia and were diagnosed with probable Alzheimer's disease at presentation (mean age at initial evaluation = 72). An additional three cases with rare pathologies (argyrophilic grain disease, argyrophilic grain disease and tangle-predominant pathology, argyrophilic grain disease and TAR DNA binding protein pathology) were significantly older (mean age at initial evaluation = 82 years), and two of three had significant episodic memory deficits. Although the requirement that patients exhibit three of six diagnostic features at presentation was based on prior experience of the Consortium, only six cases were falsely diagnosed because they had only two of six diagnostic features at presentation. Of these six cases, four were initially diagnosed as either 'non-amnestic mild cognitive impairment' or bvFTD, and two were diagnosed as bvFTD at last evaluation. Of the remaining cases, two presented with prominent delusions, one presented with prominent spatial disorientation (diagnosed with dementia NOS at presentation, bvFTD at last evaluation) and one case was a PGRN mutation carrier with a known family history. In total, 10/19 patients had marked FTDC criteria for bvFTD Brain 2011: 134; 2456-2477 | 2463 memory problems at presentation. Failure to meet criteria for possible bvFTD was not due to insufficient information or 'don't know' responses.
Of the 118 cases in the common sample that met criteria for possible bvFTD, 14 cases failed to meet criteria for probable bvFTD. All 14 cases had imaging findings inconsistent with bvFTD at presentation (e.g. no apparent lobar atrophy or significant posterior atrophy). Compared with cases who met the criteria for probable bvFTD, cases that failed to meet criteria were significantly older (age at onset: 63 versus 56 years, P 5 0.05; age at initial evaluation: 67 versus 60 years, P 5 0.05), and male predominant (12/14 males = 0.86 versus 54/104 males = 0.52, V 2 = 5.7, P 5 0.05).
Discussion
The proposed FTDC criteria are the result of a 3-year multinational effort to develop empirically derived diagnostic criteria for bvFTD. The present study found that FTDC criteria provide greater sensitivity than previously established criteria in a multi-site sample with known FTLD pathology. Of 137 cases where sufficient clinical data were available to evaluate both FTDC and previously established 1998 criteria, known as the common sample, 118 (86%) met criteria for possible bvFTD, and 104 (76%) met criteria for probable bvFTD. In contrast, the proportion of cases meeting 1998 criteria (53%) was significantly lower. These sensitivity rates were comparable with those found in the larger sample, in which either the FTDC or 1998 criteria could be evaluated. Thus, of 176 pathology-confirmed FTLD cases, 149 (85%) met FTDC criteria for possible bvFTD, while 113/154 (75%) with functional disability and neuroimaging ratings met criteria for probable bvFTD. The increased sensitivity of FTDC criteria is thought to reflect the optimized diagnostic features, less restrictive exclusion features and crucially, a flexible structure that accommodates variation in the symptom profile at presentation. Use of FTDC criteria for bvFTD diagnosis will improve identification of the syndrome, particularly in the earliest stages when disease-modifying therapies are most likely to be effective. 
FTDC criteria
Three sets of bvFTD diagnostic criteria have been published over the past two decades that reflect our evolving knowledge about the presentation and progression of the disease Neary et al., 1998; McKhann et al., 2001) . Among these, most dementia centres adopted the 1998 consensus criteria as the norm for bvFTD diagnosis (Neary et al., 1998) . Based on the accumulated experience with the 1998 criteria (Mendez and Perryman, 2002; Mendez et al., 2007; Rascovsky et al., 2007a; Piguet et al., 2009) , the International Behavioural Variant FTD Criteria Consortium developed revised guidelines for the diagnosis of bvFTD. Recognizing that the optimum level of diagnostic certainty depends on the clinical and research requirements, the revised Early severe amnesia/episodic memory impairments, diagnosed as Alzheimer's disease at presentation 6 Cases with 2/6 diagnostic features at presentation, diagnosed as bvFTD or 'non-amnestic MCI' either at initial (n = 4) or last evaluation (n = 2) (two cases had 'don't know' responses in 3/6 diagnostic features).
6
Unusual pathology: AGD (n = 1), AGD and TPSD (n = 1), AGD and TDP (n = 1) 3 Prominent delusions, diagnosed as depression/delusional disorder (n = 1), bvFTD (n = 1) at presentation 2 Presented with spatial disorientation, diagnosed as dementia NOS at presentation (bvFTD at last visit) 1 PGRN mutation with known family history, diagnosed as bvFTD at presentation (only one feature rated as 'yes') 1 FTDC criteria are now structured as a diagnostic hierarchy. Diagnosis of possible bvFTD is based solely on the clinical syndrome and aims to identify patients at the mildest stages of disease. This classification relies on the flexible combination of three of six clinically discriminating features: disinhibition, apathy/inertia, loss of sympathy/empathy, perseverative/compulsive behaviours, hyperorality and a dysexecutive neuropsychological profile. Compared with earlier 1998 criteria, possible bvFTD eliminates the distinction between core and supportive features and significantly reduces the number of exclusionary features. Diagnosis of probable bvFTD is based on the clinical syndrome, plus demonstrable functional decline and the frontotemporal imaging findings that reflect the principal anatomical location of neurodegeneration in bvFTD. Furthermore, a diagnosis of probable bvFTD may be withheld if other biomarkers are strongly indicative of Alzheimer's disease or other degenerative processes. This classification aims to capture patients with a high probability of underlying FTLD pathology and will be useful in studies where high diagnostic certainty is sought (such as clinical trials). The conclusive classification of bvFTD with definite FTLD pathology is limited to patients who exhibit the bvFTD clinical syndrome and who also have a pathogenic mutation or histopathological evidence of FTLD. Patients with the 'definite' diagnosis would usually be included in retrospective studies where pathology-proven FTLD cases are needed. Possible and probable FTDC criteria are applied most usefully in the early stages of bvFTD, when there is less overlap with other FTLD phenotypes or neurodegenerative conditions. It may be useful in this context to distinguish between a primary behavioural syndrome using these criteria, a predominant aphasic syndrome using recently published criteria for primary progressive aphasia 
Sensitivity of possible behavioural variant frontotemporal dementia
As a first step in the validation of bvFTD criteria, we compared the sensitivity of proposed FTDC and previously established 1998 criteria in a multi-site sample of patients with bvFTD with known FTLD pathology. This is the largest pathology-confirmed sample of patients with bvFTD reported to date, and sheds some light on the typical presentation of the syndrome. The clinical and demographic characteristics are similar to those of other large bvFTD samples Le Ber et al., 2006) .
At initial evaluation, individual features for possible bvFTD were frequent, but not necessarily always present: in the total sample of 176 cases, apathy (84%) and disinhibition (76%) were the most common features, while hyperorality was the least common (59%). This is not surprising, as patients with bvFTD differ in their presentation, particularly at early stages of the disease. For example, while most patients with bvFTD exhibit both disinhibition and apathy well into their disease course, patients may initially present as primarily disinhibited or primarily apathetic (Le Ber et al., 2006) . This variable presentation may reflect differences in the earliest localization of disease and/or underlying neuropathological features (Hu et al., 2007; Massimo et al., 2009 ). The flexible structure of possible bvFTD criteria attempts to account for this variability at initial presentation. Sensitivity of possible bvFTD was further enhanced by the use of less restrictive exclusionary features. Within the common sample, only two cases (1.5%) exhibited a pattern of deficits that was better explained by other medical conditions, and no cases were better explained by a psychiatric diagnosis. The specification of three core features for a possible diagnosis was based on the consortium experience but appears to be optimal. In the common sample, 86% of the patients had three of the six required clinical features. Increasing the number to four features decreased sensitivity to 69%, while relaxing the requirement to two features increased sensitivity only by 4%, with potential detriment to specificity. The question of the optimal criterion will need to be addressed in prospective studies that evaluate the combined sensitivity and specificity of the proposed FTDC criteria.
Within the common sample, we found a significant difference in sensitivity according to age of disease onset. The criteria for possible bvFTD were significantly more sensitive in cases with early onset (onset 5 65 years of age) compared with those with late onset of the disease (0.92 versus 0.73, respectively). Compared with patients with early onset, patients with late onset bvFTD had significantly lower rates of disinhibition, loss of sympathy/empathy and perseverative, compulsive behaviours. The lower sensitivity of possible bvFTD in older patients may be due to the presence of unusual FTLD-spectrum pathologies or primarily amnestic presentations. Although included in the FTLD spectrum, cases with argyrophilic grain disease pathology (argyrophilic grain disease, argyrophilic grain disease and tangle-predominant pathology, argyrophilic grain disease and TAR DNA binding protein pathology) may not present with a typical behavioural syndrome. Further studies are required to examine the cognitive and behavioural characteristics of patients with rare FTLD pathologies such as these. On the other hand, the occurrence of amnestic presentations in this sample is not surprising, as marked anterograde amnesia has been documented as either the sole or dominant symptom in up to 10% of pathology-confirmed bvFTD cases Graham et al., 2005; Knopman et al., 2005; Piguet et al., 2009 ). The preponderance of primarily amnestic (versus behavioural) presentations in elderly subjects with bvFTD may be related to hippocampal sclerosis, for example, which was recently reported in 43% of FTLD cases with late onset of disease ( 4 65 years of age) (Baborie et al., 2010) . On a cautionary note, the preponderance of memory deficits in the elderly may bias overall clinical impressions by increasing the salience of prominent amnesia while downplaying the patient's behavioural symptoms. Future prospective studies will need to confirm these preliminary observations regarding age differences in amnestic versus behavioural presentations.
Only six cases failed to be diagnosed as possible bvFTD because they exhibited only two of six diagnostic features. Prospective studies are needed to determine whether cases with two diagnostic features for possible behavioural variant FTD warrant increased vigilance for the eventual emergence of the typical bvFTD syndrome. Since a reduced number of diagnostic criteria may adversely affect specificity, prospective studies of the specificity of the FTDC criteria are required to examine the threshold number of features for diagnosis.
Comparison of FTDC and 1998 criteria
The consensus criteria published by Neary and colleagues (1998) greatly advanced the field of frontotemporal degenerations, and have been widely used in research and clinical practice. In an effort to further refine criteria by incorporation of recent empirical knowledge, the FTDC developed revised guidelines for the diagnosis of bvFTD. Both the 1998 and revised FTDC criteria rely on the presence of distinct clinical features for the diagnosis of bvFTD. A major difference, however, is that the 1998 criteria require the presence of all five core diagnostic features: insidious onset and gradual progression, early decline in personal and social interpersonal conduct, emotional blunting and loss of insight. Although individual core features are common at presentation, they are not ubiquitous. In the present sample, for example, the frequency of 1998 core features at initial presentation ranged from 78% for emotional blunting, to 99% for insidious onset and gradual progression. The ambiguity in behavioural descriptions (e.g. 'emotional blunting', 'regulation of personal conduct'), and the need for inferences about a patient's cognitive or emotional state (e.g. 'loss of insight'), also have the potential to lower interrater reliability and the ultimate validity of these items for diagnosis . The 1998 criteria are further restricted by a large number of exclusion features (11 exclusion features and three relative exclusion features). Of 137 cases in the common sample, 26 (19%) presented one or more exclusion features for these diagnostic guidelines. Our observations show that the presence of early severe amnesia or spatial disorientation should not be exclusionary, and elimination of these exclusions improved the sensitivity of the FTDC criteria compared with the 1998 criteria. Exclusion based solely on impaired neuropsychological memory performance can lead to underdiagnosis of bvFTD (Hornberger et al., 2010) , while spatial disorientation (when applied without reference to timing) may result in erroneous rejection of the diagnosis in patients who are in the late stages of their illness.
The strict, five-feature core requirement, coupled with the number and nature of exclusion features, may be responsible for the low sensitivity of 1998 criteria observed in the present study. When taking exclusion features into account, only 53% of patients met all five core features at initial presentation. Even when the number of core features was relaxed, only 72% of the patients met three of the five core features required for diagnosis. Furthermore, the three most common 1998 core features were insidious onset and gradual progression, loss of insight and impairment in regulation of personal conduct. These three features are very common in neurodegenerative diseases and may yield suboptimal discrimination when attempting to differentiate bvFTD from other forms of dementia (Ishii et al., 2009; Orfei et al., 2010; Starkstein et al., 2010) .
The low sensitivity of 1998 criteria found in the present study mirrors the findings in recent retrospective studies. For instance, Mendez and Perryman (2002) examined the sensitivity of 1998 criteria in a sample of 53 patients with a clinical diagnosis of bvFTD and frontal hypoperfusion on SPECT. Only a third of these patients met 1998 criteria at presentation, but this number increased to 83% at a 2-year follow-up. This low initial sensitivity was replicated by the same authors in a sample of 134 patients with a suspected diagnosis of bvFTD . Another retrospective study ) evaluated the sensitivity of 1998 criteria in a well-characterized cohort of 45 patients with bvFTD with a 3-year follow-up (18 with confirmed FTLD pathology). Only 58% of the patients in this sample met 1998 criteria for bvFTD at presentation. In contrast to sensitivity rates reported in retrospective studies, a prospective study (Pijnenburg et al., 2008) found a much higher sensitivity of 1998 criteria for bvFTD (79%), but there was no pathological confirmation in the majority of cases. Of note, diagnostic features in the above study were ascertained by a caregiver questionnaire about the 1998 clinical features and patients were diagnosed based on 1998 criteria (with 1-year clinical follow-up as gold standard). As expected, the restrictions that lower the sensitivity of 1998 criteria also lead to increased levels of specificity. This is particularly true when attempting to discriminate bvFTD from Alzheimer's disease or other dementing conditions. In studies with dementia comparison groups, the specificity of 1998 criteria ranged from 90 to 100% Pijnenburg et al., 2008) .
Sensitivity of probable behavioural variant frontotemporal dementia
The designation of probable bvFTD by the FTDC criteria restricts diagnosis to patients with demonstrable functional decline and typical bvFTD anatomical findings. These criteria are particularly suited for studies where high diagnostic certainty is required (such as clinical trials). Although 86% of patients in the common sample met criteria for possible bvFTD, only 76% of cases met criteria for probable bvFTD. Patients who failed to meet criteria for probable bvFTD were significantly older (age at onset: 63 versus 56; age at initial evaluation: 67 versus 60), and all 14 cases had imaging findings inconsistent with bvFTD at presentation (e.g. no apparent lobar atrophy or significant posterior atrophy). Although disproportionate atrophy in medial frontal, orbital-insular and anterior temporal regions may help distinguish bvFTD from other conditions (Frisoni et al., 1996; Rosen et al., 2002a; Varma et al., 2002; Grossman et al., 2004; Boccardi et al., 2005; Short et al., 2005; Whitwell and Jack, 2005; Bocti et al., 2006; Perry et al., 2006; Du et al., 2007; Mendez et al., 2007; Richards et al., 2008; Schroeter et al., 2008; Seeley et al., 2008; Davies et al., 2009; Kipps et al., 2009a; Lindberg et al., 2009; Whitwell et al., 2009) , this imaging pattern is not necessarily present in all cases or at very early stages of disease (Perry et al., 2006) . In fact, structural imaging in the form of frontal or anterior temporal lobe atrophy has been reported in 50-64% of cases with bvFTD (Knopman et al., 2005; Mendez et al., 2007; Pijnenburg et al., 2008) . Low sensitivity of structural imaging may be particularly related to age at disease onset. A recent study of pathology-confirmed FTLD cases showed that, while a majority of presenile cases FTDC criteria for bvFTD Brain 2011: 134; 2456-2477 | 2467 Downloaded from https://academic.oup.com/brain/article-abstract/134/9/2456/413439 by University of Pennsylvania Libraries user on 18 February 2020 (onset 5 65) showed moderate to severe frontotemporal atrophy and ventricular dilation at autopsy, only 12/30 (40%) of elderly patients showed severe frontotemporal atrophy (Baborie et al., 2010) . Compared with structural imaging, functional imaging changes (e.g. predominant frontotemporal hypometabolism or hypoperfusion in SPECT or PET, or perfusion changes observed with arterial spin labelling MRI) may provide additional sensitivity Hu et al., 2010) , suggesting that behavioural and functional abnormalities may precede structural imaging changes in bvFTD. Of interest, there was a striking male predominance in cases that failed the imaging requirements for probable bvFTD compared with those who did (12/14 males = 0.86 versus 54/104 males). The reasons behind this gender difference are unclear, but may relate to ascertainment bias or greater reliance on imaging features to diagnose females with ambiguous behavioural profiles.
Strengths and caveats
The present study is the result of a multinational effort to devise empirically derived criteria for bvFTD, and represents the largest pathology-confirmed bvFTD sample reported to date. Although the study design makes our findings representative and generalizable, some caveats of the study should be kept in mind. The greatest limitation of the present study was the absence of appropriate neurological or psychiatric comparison groups to assess specificity of the FTDC criteria. In our stepwise approach to criteria development, we are pursuing the strategy of evaluating the specificity of FTDC criteria once sensitivity has been established. Validation of any diagnostic criteria is an iterative process, and we acknowledge that the FTDC criteria may require revisions in light of future specificity findings. Unfortunately, appropriate specificity studies may require a prospective design with considerable time requirements. Constructing a suitable comparison group retrospectively to estimate specificity is challenging and prone to bias for several reasons. First, the sample of pathologically proven non-FTLD cases would have to be very large. Second, it is likely that information relevant to the FTDC criteria would never have been collected in cases where FTLD was not suspected clinically. For example, information about the core behavioural symptoms characteristic of bvFTD is generally not recorded in patients with typical amnesic Alzheimer's disease or other forms of dementia. Patients with the phenocopy syndrome also present problems. These patients are behaviourally indistinguishable from patients with true bvFTD when the 1998 criteria are applied Kipps et al., 2009a) . Phenocopy cases should be distinguishable in that they do not have functional decline or imaging changes. Given these factors, it is possible that specificity could be erroneously under or over-estimated. In order to assess specificity properly, a prospective study of a large number of unselected patients with dementia should be carried out in which the elements of the FTDC criteria are sought at the time of initial diagnosis. Ideally, such a study should have independent biomarker confirmation of the pathological diagnosis, a very considerable logistic undertaking.
The use of autopsy-confirmed cases ensures that our patients had FTLD pathology, but we acknowledge that retrospective autopsy-based samples can be prone to selection bias. It should be noted, however, that most participating brain banks were associated with Alzheimer's centres or memory clinics treating a range of degenerative conditions where autopsy is generally pursued for all types of dementia. While individuals erroneously diagnosed with a psychiatric illness may have been less likely to undergo autopsy, in our experience, it is unlikely for patients with dementia to retain a primary psychiatric diagnosis late in their disease course. Another caveat of the present study is the ascertainment of diagnostic features based on retrospective and unblinded review of records. Although raters were instructed to rate features as positive only when clearly present, a priori knowledge of the underlying pathology may have sensitized raters to features consistent with bvFTD. Conversely, some FTDC features were not known at the time of patient evaluation, so the retrospective nature of the study may have underestimated the true frequency of such diagnostic criteria (e.g. loss of sympathy or empathy). The variability of information across centres may also contribute to low frequency rates, particularly when evaluating features such as imaging and neuropsychological profiles. Prospective studies that include standardized tests, questionnaires and imaging parameters may help elucidate the utility of the revised FTDC criteria. Finally, while we relied on easily observable features with clear operational definitions, prospective studies with multiple, blinded raters with different levels of expertise will be needed to determine the reliability of the FTDC criteria.
Summary
In summary, early and accurate diagnosis of bvFTD is crucial for the appropriate care of patients afflicted with this devastating disorder. In the absence of definitive biomarkers, diagnosis of bvFTD should be made on the basis of sensitive clinical criteria coupled with diagnostic methods that are practical and easily available. Even as sensitive and specific biomarkers for FTLD become a reality, definition of the bvFTD clinical syndrome is important for routine screening, as well as optimal management of patients and their families. The proposed FTDC criteria provide a sensitive standard for bvFTD diagnosis, allowing for early recognition of the syndrome when disease-modifying therapies are expected to be most effective. Future reliability and specificity studies will ultimately clarify the relative strength of these revised diagnostic guidelines.
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II. Possible bvFTD
The diagnosis of possible bvFTD is based on personality, social comportment and cognitive features that discriminate bvFTD from other conditions. While it is important to interpret diagnostic features of a case in the clinical context, ratings of behavioural features can be difficult and potentially open to observer bias. As such, we encourage ratings that are based on overt behaviours, as opposed to inferences about a patient's cognitive or emotional state. For quantification of these behaviours, scales such as the Neuropsychiatric Inventory , the Cambridge Behavioural Inventory (Bozeat et al., 2000; Wedderburn et al., 2008) or the Frontal Behavioural Inventory (Kertesz et al., 2000) are available to guide behavioural ratings. For some patients, standard psychiatric evaluation will be required. Determination of a cognitive profile should be based on formal neuropsychological testing. Tests of social cognition, assessing emotion, theory of mind and decision-making can provide further objective markers of cognitive dysfunction (Gregory et al., 2002; Snowden et al., 2003; Rosen et al., 2004b; Lough et al., 2006; Eslinger et al., 2007 Eslinger et al., , 2011 Torralva et al., 2009a; Kipps et al., 2009b) . However, these are not yet widespread in clinical practice and have not therefore been incorporated into the neuropsychological criterion for bvFTD.
In order to meet criteria for possible bvFTD, three of the following behavioural or cognitive symptoms (A-F) must be present. We selected this threshold to accommodate individual differences in clinical presentation. Ascertainment requires that symptoms be persistent or recurrent, rather than single or rare events. As a general guideline 'early' refers to symptom presentation within the first 3 years (for further discussion see Supplementary material, Appendix 1).
A. Early behavioural disinhibition
Early behavioural disinhibition is a hallmark feature of the bvFTD clinical syndrome. Many comparative studies show that disinhibition discriminates bvFTD from Alzheimer's disease, dementia with Lewy bodies and vascular dementia Barber et al., 1995; Levy et al., 1996; Mendez et al., 1998; Hirono et al., 1999; Bozeat et al., 2000; Kertesz et al., 2000; Bathgate et al., 2001; Rosen et al., 2002b; De Deyn et al., 2005; Srikanth et al., 2005; de Vugt et al., 2006; Blair et al., 2007; Heidler-Gary et al., 2007; Liscic et al., 2007; Rankin et al., 2008) . Disinhibition may present as one of the following (A.1-A.3):
A.1. Socially inappropriate behaviour
Examples of behaviours that violate social norms include inappropriately approaching, touching or kissing strangers, verbal or physical aggression, public nudity or urination, inappropriate sexual acts and criminal behaviour (such as theft or shoplifting).
A.2. Loss of manners or decorum
This category includes a range of behaviours that violate social graces. Examples include inappropriate laughter, cursing or loudness, offensive jokes or opinions, or crude or sexually explicit remarks. Patients may also display a general lack of etiquette (e.g. failing to wait in line, eating with mouth open), loss of respect for interpersonal space and a lack of response to social cues (e.g. patient will continue talking despite other's attempts to end a conversation). Some bvpatients with FTD exhibit poor hygiene or grooming (e.g. wearing malodorous, stained, torn or inappropriate clothing) or impolite physical behaviours (e.g. flatulence, scratching or fondling private parts, picking teeth, belching or spitting).
A.3. Impulsive, rash or careless actions
The revised criteria acknowledge that not all behavioural disinhibition leads to obvious breaches in social or interpersonal conduct; in fact, it can manifest as impulsive behaviours that may or may not be performed in a social context. These include reckless driving, new-onset gambling, stealing (usually food or 'shiny' objects), buying or selling objects without regard for consequences, or indiscriminate sharing of personal information (e.g. credit card information, social security number).
B. Early apathy or inertia
Apathy/inertia is the most common initial symptom in bvFTD (Diehl-Schmid et al., 2006; Le Ber et al., 2006; Mendez et al., 2008a) , and appears to be more severe and pervasive in bvFTD than in other dementias (Levy et al., 1996; Kertesz et al., 2000; Boone et al., 2003; Liu et al., 2004; Engelborghs et al., 2005; Perri et al., 2005; Srikanth et al., 2005; de Vugt et al., 2006; Jenner et al., 2006; Shinagawa et al., 2006; Blair et al., 2007; Chow et al., 2009) . In order to meet this criterion, one of the following symptoms (B.1-B.2) must be present:
B.1. Apathy
Apathy is defined as a loss of motivation, drive or interest (Robert et al., 2009) . It can manifest as passivity or lack of spontaneity. The patient may lack initiative and cease to engage in important or previously rewarding activities (e.g. job, hobbies).
B.2. Inertia
Inertia refers to decreased initiation of behaviour (i.e. the patient requires prompts or cues to initiate or continue routine activities). For example, it may be reported that a patient requires specific directives to start and finish brushing his teeth, or that a patient no longer starts or sustains conversation.
C. Early loss of sympathy or empathy
Loss of empathy refers to an inability to read the emotional expressions of others or imagine their experiences (Rankin et al., 2006) . It is a common feature at initial presentation, and is often coupled with indifference and a general decrease in social engagement (Le Ber et al., 2006) . This feature is especially useful in the differentiation of bvFTD from Alzheimer's disease (Barber et al., 1995; Kertesz et al., 2000; Boone et al., 2003; Rankin et al., 2005; Mendez et al., 2006) . In everyday life, loss of sympathy or empathy may present as one of the following (C.1-C.2):
C.1. Diminished responsiveness to other people's needs and feelings A positive rating on this feature should be based on specific examples that reflect a lack of understanding or indifference to the feelings of others-e.g. hurtful comments or inexplicable disregard for others pain or distress.
C.2. Diminished social interest, interrelatedness or personal warmth
While the preceding feature referred to overt behaviours that denote a marked loss of empathy, this feature refers to a more general decline in social engagement, with emotional detachment, coldness, lack of eye contact, etc. Relatives and friends might experience the patient as uncharacteristically distant (e.g. no longer touches, hugs or seeks out their company).
D. Early perseverative, stereotyped or compulsive/ritualistic behaviour
Perseverative, stereotyped or compulsive behaviours have been added to the revised criteria, as they are commonly observed in pathology confirmed cases (Ames et al., 1994) , and consistently discriminate bvFTD from other primary dementias Hirono et al., 1999; Bozeat et al., 2000; Kertesz et al., 2000; Bathgate et al., 2001; Shigenobu et al., 2002; Nyatsanza et al., 2003; Liu et al., 2004; Mendez et al., 2005; Srikanth et al., 2005; de Vugt et al., 2006; Shinagawa et al., 2006; Blair et al., 2007) . A positive rating on this feature can occur if the patient exhibits any one of the following (D.1-D.3):
D.1. Simple repetitive movements
These movements include tapping, clapping, rubbing, scratching, picking at skin or clothing, humming, rocking, throat clearing, pursing of lips or lip smacking.
D.2. Complex, compulsive or ritualistic behaviours
Examples include counting and cleaning rituals, collecting or hoarding, checking, repetitive trips to the bathroom (without need), ordering objects and walking fixed routes. Pacing (without a compulsive quality) should not be included, as it can occur in other primary dementias or as a psychotropic medication effect.
D.3. Stereotypy of speech
These are single words, phrases or entire themes or stories that the patient habitually repeats despite their lack of communicative value.
E. Hyperorality and dietary changes
Changes in dietary and eating behaviour are common manifestations of bvFTD (Passant et al., 2005; Diehl-Schmid et al., 2006) , and can range from altered food preferences to oral exploration of inedible objects. Although this feature is shared with other FTLD syndromes (Snowden et al., 2001; Ikeda et al., 2002; Liscic et al., 2007; Whitwell et al., 2007) , dietary changes consistently discriminate bvFTD from Alzheimer's disease 
E.1. Altered food preferences
In the context of bvFTD, this change in food habits usually presents as carbohydrate cravings (particularly sweets), or food fads (i.e. rigid, stereotyped or idiosyncratic food preferences).
E.2. Binge eating, increased consumption of alcohol or cigarettes
Patients consume excessive amounts of food and continue to eat despite (in some cases) acknowledging satiety (Woolley et al., 2007) . Some patients exhibit new, resumed or compulsive smoking or ingestion of alcohol.
E.3. Oral exploration or consumption of inedible objects
In extreme cases, hyperorality may manifest as oral exploration, chewing or ingestion of inedible objects, a feature consistent with the Kluver-Bucy syndrome (Mendez and Foti, 1997) .
F. Neuropsychological profile: executive/generation deficits with relative sparing of memory and visuospatial functions
The neuropsychological profile of bvFTD is now treated as a criterion in its entirety. Features such as 'early and severe amnesia' and 'spatial disorientation' (poor spatial localization and disorientation in highly familiar surroundings) cease to be exclusion criteria, as that would disqualify a significant proportion of patients with bvFTD. Some studies have demonstrated marked anterograde amnesia in pathologically confirmed cases (Graham et al., 2005; Knopman et al., 2005; Piguet et al., 2009 ), while 'spatial disorientation' without reference to time from disease onset may erroneously reject patients in the late stages of their illness. Although deficits in specific cognitive functions alone are unlikely to reliably differentiate bvFTD from other conditions (Hutchinson and Mathias, 2007) , the overall pattern of impairments (specifically, relative sparing of memory and visuospatial functions in comparison to executive dysfunction) may aid in differential diagnosis (for review see Grossman, 2002; Wittenberg et al., 2008) . Determination of a cognitive profile should be based on formal neuropsychological testing. In order to meet this criterion, patients must present with all three of the following features (F.1-F.3):
F.1. Deficits in executive tasks
Patients with bvFTD often present with deficits in executive function, a term that encompasses complex cognitive abilities such as working memory, planning, generation, abstraction, problem solving and mental flexibility. In order to meet this criterion, the patient must demonstrate cognitive impairment on at least one standardized test of executive ability (defined as performance at or below the fifth percentile compared with age-and education-matched norms). Although patients with bvFTD may perform within normal limits on traditional executive function diagnosis of bvFTD may not be given if the patient presents with any one of the following (A-B):
A. Pattern of deficits is better accounted for by other non-degenerative nervous system or medical disorders These comprise a variety of conditions including delirium, cerebrovascular disease, cerebellar disorder, trauma, infections, systemic disorders (e.g. hypothyroidism) or substance-induced conditions.
B. Behavioural disturbance is better accounted for by a psychiatric diagnosis
The behavioural syndrome should not be better accounted for by psychiatric conditions such as depression, schizophrenia, bipolar disorder, late-onset psychosis or a pre-existing personality disorder.
In the absence of definitive biomarkers, criterion C can be positive for possible bvFTD but must be negative for probable bvFTD.
To clarify, a diagnosis of probable bvFTD does not require biomarker or genetic screening for Alzheimer's disease or other degenerative conditions. However, when available, the presence of sensitive and specific biomarkers indicative of other degenerative conditions will preclude a diagnosis of probable bvFTD.
C. Biomarkers strongly indicative of Alzheimer's disease or other neurodegenerative process
These include pathogenic mutations for other conditions (e.g. Presenilin, APP), extensive amyloid related radioligand binding (e.g. PIB) (Rabinovici et al., 2007) , or the presence of sensitive and specific CSF markers (Dubois et al., 2000; Rowe et al., 2007; Shaw et al., 2009) . Biomarker studies are rapidly evolving, and this criterion will require revisions once sensitive and specific biomarkers are determined for Alzheimer's disease and other degenerative conditions. Similarly, a positive FTLD biomarker criterion should be added to the diagnosis of probable bvFTD once additional FTLD biomarkers become available.
